Potable water supply in Ikare -Akoko, Nigeria has been on continuous decrease due to deficiency in safe water supply infrastructure. The productive time of active labour force is being spent in sourcing water due to distance of available sources. In recognition of these problems, this paper examines the domestic water, sanitation and diarrhea situations among the five communities of Ikare -Akoko, Southwestern, Nigeria. The study adopted the concept of Ecosystem Approach to Human Health (EcoHealth). The research was conducted within trans-disciplinary protocol. As observed from the findings, poverty and lack of education among gender especially women, have deprived the residents of all communities particularly the indigenes the knowledge of environmental protection and health awareness. The result also revealed that majority of residents depend on unsafe surface water as the major domestic water supply source. About 80% of domestic activities that degraded habitable environment are carried out indiscriminately. Wastes are disposed illegally within and around human immediate environment. Most people used open space for defecation, while almost 90% of latrines are open type and not well maintained. These have enhanced wide linkages between unsanitary environment and human health which has really promoted and increased diarrhea cases.
INTRODUCTION
Improved sanitation and safe domestic water will minimize the burden of water-related disease and encourage a healthy environment (Cairncross, 1990; Ekugo, 1998; Ajiwe et al., 2000; Mahvi and Karyab, 2007; Ademiluyi and Odugbesan, 2008) , and also reduces the risk of communicable diseases that might arise from contaminated and poor sanitary environment (Bateman and Smith, 1991; Ifabiyi, 2000; Sasaki et al., 2008; Davis et al., 2008; Jyothi et al., 2011) . The need for hygienic environment and potable water for the well being of the Ikare -Akoko population has become a great environmental concern among communities. Most of the dump sites and household toilets especially pit latrines are located close to residential areas and around domestic water (wells, ponds and streams) sources. The waste contaminants later find their way into domestic water body through leaching and erosion (Olorunfemi and Odita, 1998) .
Diarrhea is caused by the infection of parasitic, viral and bacterial organism which can be acquired by drinking water that had been contaminated with human and animal faeces (Boadi and Kuitunen, 2005) . Relative to the individual usual pattern, diarrhea is characterized with intensified water evacuations and in some cases with mucus/blood (Teran, 1991; Osumanu, 2007) . In developing countries, diarrhea diseases remain one of the most significant and the leading causes of morbidity and mortality particularly among children in sub-Saharan Africa (Olugbemiro et al., 1994; WHO, 1996; Simon et al., 2007; Graf et al., 2008; Wilunda and Panza, 2009) , because a large amount of transmission occurs in the domestic sphere, which is the principal habitat of children. About 88% of diarrhea disease is attributed to unsafe water supply, inadequate sanitation and hygiene (Jyothi et al., 2011) . WHO (1996) report also indicates that each child in the developing region has five episodes of diarrhea per year and 800,000 die each year from diarrhea and dehydration. This could be prevented by adjusting the domestic hygiene behavior of vulnerable households/communities (Cairncross, 1990; Cairncross et al., 1996) .
Researches to correlate the symptoms and signs of diarrheal diseases with a specific etiology have only yielded little success. Adequate comparisons of patients with diarrhea of different origin generally have not been possible, although, a few trends have been noted (Mattila, 1994; Cook, 2001) . Nonetheless, diarrhea caused predominantly by Escherichia coli (E. coli), Salmonella and Shigella species had been shown to be a primary cause of morbidity and mortality in Sub-Sahara Africa due to the nature of their symptoms (Mikhail et al., 1990; Trueman, 1995; Shah et al., 2002) . For instance, enterotoxigenic E. coli (ETEC) which is known to be spread through food and water contaminated by feaces had been identified as the common cause of acute watery diarrhea in infants and young children (Begum et al., 2005) . Enteritis associated with E. coli varies considerably and usually of relatively short duration; nevertheless, some strains e.g. E. coli O157: H7, could cause serious bloody diarrhea with abdominal cramps, followed by other severe organ system damage, including kidney failure. Shigella is common among Sub-Saharan high-risk populations (such as children, the elderly and immuno-compromised individuals) that depend and live in an environment characterised with inadequate sanitation and fecal contamination of waters, particularly surface water used for domestic purpose (Olusanya et al., 1990; Kinge and Mbewe, 2010) . It is typically associated with bloody or watery stools, abdominal pain, and fever especially the Shigella enteritis. On the other hand, Salmonellosis had been linked with classic enteric fever or severe diarrhea with abdominal pain (Mattila, 1994) .
Scientific study of an infectious disease such as diarrhea forms the base of the appropriate interventions for controlling the disease in any region. This is because the features and the patterns of isolation of causal agents of the disease vary from place to place depending on the local climate, spatial location and the socioeconomic characteristics (Haque et al., 2003; Riddle et al., 2006) . Rowland (1985) noted that some bacteria can always multiply in the environment, especially when nutrients and warmth are available. Some of these bacteria survive for long periods in apparently hostile environments such as on fingertips. The pathogen species familiar with this strategy include E. coli, Shigella spp., and Salmonella spp (Knittle et al., 1975; Haque et al., 2003) . They could accidentally be ingested from exposure to contaminated food or water and also through person-to-person contact. They are easily spread from person to person and pass to food, most especially once the infected adults and children fail to adequately wash their hands before eating (Begum et al., 2005; Kinge and Mbewe, 2010) .
Therefore, in order to understand the etiology, frequency, and consequences of acute diarrhea in the developing countries, this study assesses domestic water sources and unsanitary environment as well as conducting diarrhea surveillance among the population of Ikare -Akoko communities. This will enable the stakeholders in the designing of serious and up-to-date interventions to improve infants' children and adults' health in a friendly environment free from diarrhea diseases. It is on this recognition that the aim of this research is to examine diarrhea cases by assessing the consequences of using unsafe water in Ikare -Akoko, Southwestern, Nigeria. The specific objectives are: i) Examine the sources of water used for domestic purposes and sanitary condition in the area; ii) Analyze the linkage between bacteriological result of surface water quality and clinical specimen of the sample population in Ikare -Akoko; iii) Assess diarrhea incidences as a result of poor surface water quality and poor sanitary condition; and iv) To suggest what can be done to contribute and promote surface water quality and habitable sanitary environment through dialogue with community and stake holders.
METHODOLOGY The study area
The study area lies between Longitudes 5° 44' 00"and 5° 46' 30" East, and between Latitudes 7° 31' 00" and 7° 32' 30" North of the Equator (Figure 1 ). It covers about 32.26 km 2 land area with a total population of about 126,625 according to the 2006 Census (FBS, 2007) . Ikare -Akoko comprises of five paramount communities, namely; Edo, Ikado, Ilepa, Iyometa and Orun-un. The study area falls within a sub-tropical climate with annual rainfall of over 150 cm. The area experiences high temperature ranging between 30 and 38°C depending on the seasons (Uluocha and Ekop, 2002; Ayeni et al., 2009 ).
Sampling design
The concept of Ecosystem Approach to Human Health (Eco-Health) was adopted in this research work (Figure 2 ). Based on eco-health three pillars, the following data were collected for the research; social survey data, field work data, literature and administrative data. The data were used to generate and update information for this research through the assemblage of trans-disciplinary protocol. Scientists from distinct disciplines (Geography, Medicine, Public health, Sociology, Microbiology), community members and decision makers were consulted and incorporated without gender bias.
The research was conducted between September, 2009 and August 2010. Using stratified random sampling protocol, fourty (40) questionnaire were administered in each of the five (5) paramount communities (Edo, Ikado, Ilepa, Iyometa and Orun-un). The questionnaire included variables such as sex of respondent, age, number of children in each sampled household, the number of years respondents had lived in the community, diarrhea experience, information on health care centres, agents of diarrhea disease, and sources of drinking water. The questionnaire targeted households, precisely household heads that were able to provide information for the research subject. Interviews were held with community leaders, Water and Sanitation Officer (WATSAN), Ondo State Waste Management Agency. In order to incorporate community members and to be well represented in the research, Focus Group Discussions were held at each community's meeting square. The discussions allowed stakeholders to express views on the research subject and how to minimize future impact on water supply challenges on household well-being.
Collection and analysis of water samples
Using standard method of water sample collection and analysis (APHA, 1998), water samples were collected in new 500 ml clean plastic bottles from major surface water (ponds) used for drinking and domestic purposes in the study area. The samples were coded to avoid error and then transported to the laboratory for isolated pathogen analysis. The analysis was carried out at the of Department of Microbiology analytical laboratory, University of Lagos, Lagos -Nigeria.
Collection and analysis of clinical specimens:
Ten (10) stool samples were collected from each community with at least 6 from children under five years. The samples were collected in clean 5 ml tubes covered, screwed and transported to the laboratory. The specimens were collected in the morning when the person first woke up from sleep and preserved from urine or water contamination, then coded appropriately to avoid mix up. The samples were kept at temperature below 6°C and transported to the laboratory for microbiologic examination tests. The specimens were preserved and analyzed within 72 h from time of collection.
The services of physicians were employed for the clinical specimens. Analyses were done at the clinical laboratory of Ondo State Comprehensive Health Center, Isakunmi -Edo, Ikare. The tests were done to detect and identify isolated pathogens (E. coli and the members of the Enterobateriae family such as Salmonella, Shigella) in the specimens using standardized bacteriologic and parasitologic methods.
RESULTS AND DISCUSSION
The sources of water supply are pipe borne water, well, borehole, stream, pond, rain water and vendor. The population of households using each source varies from one community to another (Figure 3 ). The population of households using pipe borne water was highest at Iyometa community (29.85%) and lowest at Edo community (11.2%); the population using borehole was highest and lowest at Ikado (35.3%) and Iyometa (5.9%) respectively. Also, the highest and the lowest households population using well water are recorded for Ilepa community (31.5%) and Edo community (12.3%) respectively; pond water users are highest and lowest at Edo (36.5%) and Ilepa (4.8%) respectively; households using stream water are highest and lowest at Iyometa (33.3%) and Ilepa (8.3%) respectively. More so, 37.5% of Ilepa population that relied on vendors was from Ilepa, 25.0% are from Ikado while 12.5% each are from Edo, Iyometa and Orun-un communities (Figure 3 ). Result shows that 66.7% of the 75 (12 at Edo, 14 at Ikado, 15 at Ilepa, 17 at Iyometa and 17 at Orun-un) public pipe borne water taps installed in Ikare -Akoko are not functioning. As a result, therefore, majority of households sourced their domestic water from unprotected sources such as stream, ponds and wells.
Only 35% of the 25 boreholes (5 at Edo, 7 at Ikado, 6 at Ilepa, 5 at Iyometa and 2 at Orun-un) in Ikare -Akoko are functioning. On the other hand, about 99.8% of the wells in Ikare -Akoko are dug and owned by individual households or clans (Figure 4 ) while ponds are owned by the community or group of clans ( Figure 5 ). Based on these, residents trek long distance and spend much of their time before getting appreciable quantity of domestic water. The result of regression analysis revealed that average household water consumption per day was found to be inversely related to distance of water sources in all communities (p < 0.05). Figure 6 revealed the different types of toiletry systems. Ilepa community accounts for the highest (35.7%) population of households using water closet while Iyometa recorded the lowest (7.1%); the highest and lowest households population using pit latrine are recorded at Ikado (34.0%) and Iyometa (8.0%) respectively. Iyometa accounts for the highest (28.2%) households that claimed the use of bush while each at Ikado and Ilepa each account 12.8% (lowest). In each community, 20.0% of their households' population claimed the use of other sources which include streams, drainage channels, open places, abandoned building (Figures 6 and 7) .
Access to legal dumpsite is virtually not in existence in the area. On the average, 55% of the households have access to illegal dumpsite around their houses, while 45% disposed their waste/refuse indiscriminately in the area. This varies amongst the five communities. Of the 110 respondents having access to dumpsite in IkareAkoko, 47.3, 38.2, 11.8 and 2.7% covered distances of less than 100 m, 100 to 500 m, 500 to 1 km and over 1 km respectively from their home to dumpsite location. In Ikare -Akoko, households disposed waste water through septic tank, drainage channel, bare surface and other means (e.g. street roads). The result reveals that 52% (highest) of households' population disposed their waste water through bare surface while 3% (lowest) disposed their waste water through septic tank. These varied amongst the communities (Figure 8) . No household claimed the use of septic tank at Edo, Iyometa and Orunun communities. The major contribution by government on improved sanitary environment was the monitoring and supervision of monthly sanitation program and as well creating public awareness on households' hygiene through Health Inspection Officers/Personnel (Figure 9 ).
Population and diarrhea incidences
The result revealed that 62.5% of the respondents in Ikare -Akoko had suffered from diarrhea attack before while 37.5% claimed not to have experienced diarrhea attack. The cause(s) were attributed to the environment, poverty, water, unknown and others such as witchcraft and spell. Households' perception on the causes varies from one community to the other. For instance, perception on environment as the cause of diarrhea shows that Ilepa had 35.7% as the highest while Ikado and Orun-un had 7.1% each as the lowest (Figure 10) . A total of 27.5% of the respondents associated diarrhea symptoms with vomiting. On the other hand, 7, 50 and 8% associated the symptoms with fever, dysentery and others such as cold (Figure 11 ). The symptoms are being observed daily, twice a week, weekly, monthly and occasionally. Occasionally and daily were noted as the highest (62%) and lowest (1%) respectively. Of the 200 respondents in all communities, 59% claimed to have been diagnosed for other disease symptoms such as cholera, typhoid, gastro-intestinal diseases among others while 41% said they have not.
Ninety three (that is 46.5%) of the respondents claimed that they have visited hospital/clinic when they observed diarrhea symptoms. On the other hand, 47% claimed that they do not visit hospital/clinic for treatment while 6.5% did not disclose their information (Figure 12 ). The perception of households on health care services revealed that 4.5, 45.5, 39.5 and 10.5% of the total respondents rated health care services as excellent, good, fair and poor respectively. In Ikare -Akoko, 23, 13.5, 12 and 25% of the respondents claimed that their household members visit state hospital, primary health centre, private hospital and traditional healing homes respectively for diarrhea treatment. The outcome of the treatment shows that 21.7% of the 97 household members that had total cure are from Orun-un, 20.6% are from Iyometa, and 19.6% each was from Edo and Ikado while the least 18.5% was from Ilepa. The outcome also varies with partial cure and no cure amongst the communities (Figure 13 ). The respondents attributed diarrhea spread agents to flies, air, environmental condition, unknown factors and other agents such as witchcraft are noted as diarrhea spread agents in Ikare -Akoko. For instance, 22.7, 21.2 and 19.7% reside at Ilepa, Ikado and Iyometa respectively while 18.2% each reside at Edo and Orun-un communities. The results also vary for air environmental condition, unknown factors and other agents (Figure 14) . Figure 15 revealed the attitude and perception of respondents on pond water. In summary, 16.5% of the respondents in Ikare -Akoko argued that they use pond water because there is no alternative; 16% use pond to complement other sources such as pipe borne water, boreholes and wells that are not sufficient. The majority (32.5%) use pond water as a result of the traditions/ customs value attached to it. On the other hand, 17 and 18% use pond water based on its quality and reliability respectively. In respect to traditions/customs, the indigenes claimed that aside from drinking and other domestic purposes, pond water serve as divine protection particularly on the new born babies. The respondents argued further that pond water is a natural fluid medicine that cures fever and spiritual diseases such as spell.
Suggestion and way forward for habitable sanitary environment
Various suggestions were made on what could be done to eradicate diarrhea in Ikare -Akoko. On average, 55.4% of the total sampled population suggested health campaign awareness, environmental sanitation and effective drug administration; 0.5% suggested that the only solution is to conciliate the witches/wizard and god of the land. The remaining 44.1% suggested that government, international organizations e.g. WHO, health based NGOs, communities and individuals should be responsible for eradication of diarrhea in Ikare -Akoko and Nigeria at large.
Linkage between bacteriological result of unsafe surface water and clinical specimen
The quality assessment results show that bacteriological concentration varied spatially over the study area. Based on the zero tolerance level for coliforms, all sampled ponds were of poor quality (EPA, 1995) . E. coli, Salmonella spp. and Shigella species were the noted isolated pathogens found in the sampled ponds. Nevertheless, the isolated pathogen indicates either positive (+) or negative (-) Grams and also varied among the sampled ponds (Table 1) . Of the total fifty (50) clinical specimens analysed, thirty (30) and twenty (20) were collected from under five children and adult respectively. The results of bacteriological analysis confirmed positive for some clinical specimens collected in the area (Table 2) . Of the 30 children sampled, 90, 80, and 93%, were E. coli, Salmonella and Shigella positive respectively. On the average, male children are more vulnerable to diarrhea in the area. Table 2 revealed that 14 of 27 children positive to E. coli were males. In the case of Salmonella, 15 of 24 positive children were males while 17 of 24 children positive to Shigella were males. In the case of adults, more female were vulnerable as indicated in Table 3 . For instance, result revealed that 9 of 15 examined adults that were positive to E. coli were female. Of the 12 adults' positive to Salmonella, 7 were female while 6 of 11 adults positive to Shigella were female. The results varied from one community to another (Table 2) .
Conclusions
It was understood that residents of Ikare -Akoko are generally concerned about the unsanitary environment they live and the quality of their domestic water. Notwithstanding, their thinking is far from proffering solution to the menace themselves rather they relied on governments. Even, the wells and ponds owned by community members or clans are not well managed and maintained. From public responses, it was observed that many ill-health incidences have correlated with deteriorating sanitary environment and inadequate safe water supply. Diarrhea was observed as the most occurring gastrointestinal problems among the residents that live around illegal dumpsite, open defecation site, pit latrine and found ponds water inevitable. By comparing the socio-economic status of the residents, the finding reveals that the core traditional areas of Edo, Ilepa, Iyometa and Orun-un communities are more vulnerable to diarrhea disease and more exposed to the danger of unsanitary environment. The study therefore recommends that governments should provide more safe water sources that are free of faecal contaminants. Governments should ensure that the modern, effective and affordable sanitary facilities (latrines and sewers) are available for the poor households in no distant future. Proper waste disposal management, water treatment plants and other water supply infrastructure should be upgraded, managed and supervised by well trained personnel. Effective, simple and affordable waste disposal and water treatment methods should be designed and introduced to the residents of Ikare -Akoko. All concerned stakeholders should try as much as possible to improve their effort in ensuring adequate improved sanitary services and install/sink safer water supply sources. Lastly, vulnerable individuals, children in particular, should immediately seek medical attention if diarrhea symptoms are observed before it becomes severe or bloody.
